
GaAs Substrate 



Figure 2 




H 



sub 



Device Layout Schematic: 
"On-Mesa " 



Figure 3 



_ ..... 



Source 



tosd 



, Drain 




pOhnic Contact* • 

Septra t i on / urn msS 
Source width / tm ws 
Brain width / um wd 

': ' - "" i. "-: 



10 



- gecesa Geometry : - 



ScKottky Contact - 



Gate length / ura. Lg* .15 1 j 
Gate position / um xg 



52 



|o»ition / um . ■ ^ 
Depth / ten 



;:>-,r *" 



d .?7E-0>§ 



- Inter-electrode Capacitances' A f F — 
4*P j Cgdp 1 8 - 1 j tdsp |43 l-Q fluio. 



;[ Reset 



| Cancel I 



Figure 4 



:V ^;'.= H E Hf* IB c * i ve L a y e r ■ 



. 



] ' Layer 3 J; 

, _ 

? tayefr 8 | i 



; Layer 3 I 




f Buf j>r i: -1 

. 

i ^»t^ra^l 



Safts 




Hd 


ft 3ft£13 


$688 


ain»R« 

II X vai>3 


253C 


Ha 


1.9$E!4 


4808 


PI 

n 1 U8n5 


25 X 


Hid 


2.Q6E13 


20ft 


HICaRs 


25% 


Na 


1.00EB 


20ft 


I flu a IIS 


22X 


Ma 


!.$@E14 


1408 


fUGafls 


252 


Ha 


I. MEM 


30ft 




25X 


Hd 


6.&0E18 


I6R 


fllGaRs 


zst 


Ha 


K00E14 


3888 


RIGafis 


16-52 


Na 


I.OOEH 


1508 


BISaRs 


8. 52 


Na 


i.eeEH 


isoa 


Gafts 








36008 




S.I. 


Gafts 


Substrate 















Edit 







: pHid 1 ^Del^l f Insert 1 f Co^ j j [8eset j 



i 



OK 1 



Figure 5 




Figure 6 



Semi-Physical Model x Measured DCIV 




0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.0010.00 

Vds[V] 

Figure 7 





50 nm n-GaAs CAP 6E18cm-3 (3E13 cm-2) 




50 nm AI(0.25)Ga(0.75)As 


2 nm AI(0.25)Ga(0.75)As — ( 


Si - delta doping 4.7E12cm-2 


3 nm AI(0.25)Ga(0.75)As — , 






3 nm n-AI(0.25)Ga(0.75)As4.5E18cm-3 
(1.35E12cm-2) 




30 nm AI(0.25-0.05)Ga(0.75-0.95)As 



^ Semi-Insulating GaAs Substrate 



Figure 8 




Mushroom 
T-Gate Schematic 



Figure 10 





-1.0 

Frequency 0.05 to 40.05 GHz 

Measured vs Modeled S-parameters 
Simulated Equivalent Circuit Element Values 
via Semi-Physical HEMT Model 



Figure 12 



□ measure 
SMAT1 



O Simufatedl 
SMAT1 



V measure 
SMAT1 



A Simulated 1 
SMAT1 



meas_4200AB_2vidpk-GTPA4 cp100-semiphys meas_4200AB_2vidpk-GTPA4 cp100-semiphys 



S<2,1) 
dB 



S(2,1) 
dB 



S(2,1) 
Ang 
dB 



20.0 



15.0 



10.0 



Frequency 10.0 GHz/DIV 
Measured vs Modeled S12 
Simulated Equivalent Circuit Element Values via 
Semi-Physical HEMT Model 

Figure 13 



S{2,1 
Ang 
dB 




250.0 



- 200.0 



- 150.0 



100.0 



50.0 



40.0 



□ 



ru 



□ Simulated 
SMAT1 
cp100-spot 
S(1,2) 
db 



O Simulated 
SMAT1 

cp100-semiphys 
S(1,2) 
db 



0.0 



■10.0 



-20.0 



-30.0 



-40.0 



-50.0 



0.0 



Frequency 10.0 GHz/DIV 



Measured vs Modeled S12 

Simulated Equivalent Circuit Element Values via 

Semi-Physical HEMT Model 

Figur 14 



A Simulated 
SMAT1 

cp100-semiphys 
S(1,2) 
Ang 
deg 

80.0 




40.0 



1 .200E-01 

1 .OOOE-01 

„ 8.000E-02 

E 6.000E-02 
o 

4.000E-02 
2.000E-02 
O.OOOE+00 




model gm @ Vds=2V 
Gm [mS], Vds = 2 V 



model gm @ Vds=4V 
Gm [mS], Vds = 4 V 



Figure 15 



10000 



1000 



100 - 




Rds @ Vgs=-1V 
-a — Rds @ Vgs=-0.2V 



Rds @ Vgs=-0.6V 
Rds @ Vgs=0V 



Figure 16 




■1.5 



-1 



-0.5 
Vgs[V] 



0.5 



■ Cgsline @ Vds=0V ■ 
1 Cgsline @Vds=1V ■ 

■ Cgsline @ Vds=4V ■ 

■ Cgdline @ Vds=0.5V- 
1 Cgdline @ Vds=2V ■ 



■Cgsline @Vds=0.5V 

■ Cgsline @ Vds=2V 

■ Cgdline @ Vds=0V 

■ Cgdline @Vds=1V 
■Cgdline® Vds=4V 



Figure 17 




Ri @ Vds=0V 
Ri@Vds=1V 
Ri @ Vds=4V 



Ri @ Vds=0.5V 
Ri @ Vds=2V 



Figure 18 



-1.5 -1 -0.5 0 0.5 

Vgs[V] 



-4-Rs<e 


§ Vds=0V 


-"-Rs(? 


§ Vds=0.5V 


-*-Rs<£ 


§Vds= 


=1V 


-*-Rs<? 


g Vds=2V 


-♦-Rs(? 


§ Vds=4V 


-e-Rd<£ 


§Vds= 


=0V 


-S-Rd(J 


§ Vds=0.5V 


-Ar-Rd(? 


|Vds=1V 


-«-Rd(? 


gVds= 




-e-Rd(? 


§ Vds=4V 













Figure 19 



Measured vs Simulated Bias- Dependent 
Gain (5) 23.5 GHz 







23 r 


CO 
CM 




22 


<§) 




21 - 


c 


CD 


20 - 


're 


Hz [d 


19 

18 - 


O 

T3 


ulate 


O 


17 - 




16 


E 




15 - 


CO 




14 L 




14 15 16 17 18 19 20 21 22 23 
Measured Gain @ 23.5 GHz [dB] 



♦ Sim Gain 



Figure 20 






700 r 




650 - 




600 - 


E 




E 


550 - 


CO 




E, 


500 - 


^ 




a. 
E 


450 - 


CD 






400 - 




350 - 




300 - 



90 Measured Wafers 



-0.8 -0.6 




□ 
□ 



90 Simulated 
Wafers 



-0.4 -0.2 0 
Vgspk [V] 



0.2 



0.4 



Figure 22 



700 
650 
600 
550 
500 
450 
400 
350 



300 



90 Measured Wafers 




°o%> 



90 Simulated Wafers 



200 220 240 260 

Idspk [V] 

Figure 23 



280 



300 



750 
700 
650 
600 
550 
500 
450 



90 Measured Wafers 



-1.5 




90 Simulated 
Wafers 



-1 -0.5 
Vpo[V] 



0 



Figure 24 



250 
225 
200 
(/> 175 

a: 

150 
125 



100 



o 

o° o 
o° o 




.Measured/ 
^ Extracted 



Simulated 



50 75 100 125 

Gm [mS] 



150 



175 



Figure 25 



250 
225 
200 



£ 175 



o 



150 
125 
100 



50 



90 Measured Wafers 



„oo o 



u o 0 
o 

em 
cfPcP ° 



o°o 



□ 



90 Simulated 
Wafers 



100 
Gm [mS] 

Figure 26 



150 



■ •MA 




Measured/ 
Extracted 



O 

■ 



e 
oa 



Simulated 



0.1 0.12 0.14 0.16 

Lg [urn] 

Figure 27 



0.18 



0.2 



250 
225 
200 
175 
150 
125 
100 
75 



50 



Measured/ 
Extracted 0 

V 



O 

o 




Simulated 



0.4 0.45 0.5 0.55 0.6 0.65 
Recess Undercut [jam] 

Figure 28 



0.7 



